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SURFACE EXPRESSION OF ENZYME TN GENE DTREOTEn 

PRODRUG THFRAPV 

Introduction and background to fche in vention. 
5 The present invention relates to gene directed enzyme prodrug 
therapy (GDEPT) and its use in the treatment of disease, including 
tumours . 

A therapeutic approach termed "virus -directed enzyme prodrug 
10 therapy" (VDEPT) has been proposed as a method for treating tumour 
cells in patients using prodrugs. Tumour cells are targeted with 
a viral vector carrying a gene encoding an enzyme capable of 
activating a prodrug. The gene may be transcriptionally regulated 
by tissue specific promoter or enhancer sequences. The viral 
15 vector enters tumour cells and expresses the enzyme, in order that 
a prodrug is converted to an active drug within the tumour cells 
(Huber et al, Proc. Natl. Acad. Sci. USA (1991) fifi, 8039). 
Alternatively, non-viral methods for the delivery of genes have 
been used. Such methods include calcium phosphate co- 
20 precipitation, microinjection, liposomes, direct ONA uptake, and 
receptor-mediated DNA transfer. These are reviewed in Morgan & 
French Anderson, Annu. Rev. Biochem. , 19 9 3, £2; 191. The term 
••GDEPT" (gene-directed enzyme prodrug therapy) is used to include 
both viral and non-viral delivery systems. 

25 

The success of a GDEPT system relies upon two limiting factors. 
The system requires cells which need to be targeted by the vector 
to be infected. If a cell does not become infected then no active 
drug will be produced within it so that in order to be killed 

30 active drug will need to enter it by a bystander effect, having 
been produced in another infected cell. Not all active drugs when 
produced inside a cell will be capable of leaving that cell in 
order to do this. Further, it is a requirement that the prodrug 
enters the cell. Some prodrugs may not be capable of crossing the 

35 membrane of a cell. 
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Pisclosure of the invenl.i»n. 

In order to overcome these problems, the present invention provides 
a two component system for use in association with one another 
comprising: 

(a) a vector capable of expressing an enzyme at the surface 
of a cell; and 

(b) a prodrug which can be converted into an active drug by 
said enzyme. 

The vector may be a RNA or DNA vector* It may be derived from a 
viral vector, including any suitable vector available in the art 
for targeting tumour cells. ^ 

The invention also provides the system of the invention for use in 
a method of treatment of a patient, and a method of treating a 
timour in a patient in need of treatment which comprises 
administering to said patient an effective amount of a vector 
encoding an enzyme capable of being expressed on the surface of a 
cell and a prodrug capable of being converted by said enzyme to an 
active drug. 

Bri0f Description of the Dyawiftgyi 

ricRr? 1> Expression of gPG2 (suirf ace^ in WIH3T3 cells NIH3T3 

cells were transfected with MLV^plink (lane 1) * or with 
MLVCPG2 (surface) (lane 2). The cells were extracted into buffer 
A and samples of each were electrophoresed in 10%w/v polyacryl amide 
gels, transferred to nitrocellulose and probed with a CPG2 specific 
polyclonal antibody. The position of migration of CPG2 (surf ace) 
is shown and the positions of migration of standard molecular mass 
markers (in kDa) are shown to the left of the figure 

Fiqyg? 2t — Effect of tunicamvcin on the expressi on of CPG2 (surfaced 
in NIH3T3 cells (A) Immunoblot analysis. NIH3T3 cells were 
transfected with either MLVCPG2 (surfaceF/S) (lanes 1, 3) or 
MLVCPG2 (surface) (lanes 2, 4). The cells were incubated in the 
absence of tunicamycin (lanes 1, 2) or in the presence of 
tunicamycin (lanes 3, 4). Extracts were prepared and analysed as 
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described in Figure 1. The position of migration of CPG2 (surface) 
is indicated, as is the position of migration of standard molecular 
weight markers (in kDa) , to the left of the figure. (B) CPG2 
enzyme activity assay. The enzyme extracts from the cells in part 
5 (A) were analysed for CPG2 enzyme activity. Sample numbers 
correspond to lane numbers for part (A) ; sample 5 contains 
extraction buffer instead of cell extract as a negative control. 
The activity is expressed as arbitrary values relative to buffer 
controls. 

10 Fiemre 3. Effect of olveosvlatton mutations QD gXPrgggg^ 

CPG2 f surfaced (A) immunoblot analysis. NIH3T3 cells were 
transfected with MLVCPG2( surf ace) (lanes 1, 5); MLVCPG2 (surface )I1IN 
(lanes 2, 6); MLVCPG2 (surface) NI« (lanes 3, 7); MI.VCPG2 (surface )NNL 
(lanes 4, 8) or MLVpplinX (lanes 9, 10). Samples come from either 

15 control cells (lanes 1, 2, 3, A, 9) or from cells treated with 
tunicamycin (lanes 5, 6, 7, 8, 10). The sangples were analysed as 
in Figure 1. The position of migration of the various forms of 
CPG2 (surface) is indicated, as is the position of migration of the 
standard molecular mass markers (in kDa), to the left of the 

20 figure. (B) CPG2 enzyme activity assay. The cell extracts from 
part (A) were analysed by CPG2 enzyme activity assay. Sample 
numbers correspond to lane ntimbers from part (A) . The activity is 
expressed as arbitrary values, relative to buffer controls. 

25 

FimiT-e A. Effec t of mutating all the notential a1 ynpsyl ati<?n gitgg 
in gPG2f surfaced (A) immxinoprotein blot analysis. NIH3T3 cells 
were transfected with MLVCPG2 (surf ace) (lanes 1, 3) or with 
MLVCPG2( surface )LHLL (lanes 2, 4). The extracts are from control 

3 0 cells (lanes 1, 2) or from cells treated with tunicamycin (lanes 
3, 4). The samples were analysed as for Figure 1. The position 
of migration of the CPG2 (surface) proteins is indicated, as is the 
position of migration of standard molecular mass markers (in kDa) , 
to the left of the lanes. (B) CPG2 enzyme activity assay. The 

35 cell extracts from part (A) were analysed by CPG2 enzyme activity 
assay. Sample numbers correspond to lane numbers from part (A) ; 
additionally, samples from cells transfected with MLV^plink 
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(samples 5, 6) either from control cells (Seuaple 5) or from cells 
treated with tunicamycin (sample 6) are included as negative 
controls. The results are expressed in arbitrary values relative 
to buffer controls. 

5 

rjqyrg ?i cvtetoxieltv assay NIH3T3 cells were transfected with 

MLV^plink (samples 1, 4, 7) MLVCPG2 (surf ace) (lanes 2, 5, 8) or 
MLVCPG2 (surface )IJiLL (lanes 3, 6, 9). Forty two hours after 

10 transfection, the cells were treated with prodrug vehicle for 24 
hours as a control (lanes 1-3) , with CMDA prodrug for_3 hours 
(lanes 4-6) or with CMDA prodrug for 24 hours (lanes 7-9) . After 
a recovery period, the cells were passaged into fresh tissue 
culture dishes and after 3 days, the viability of the cells 

15 determined by measuring [methyl-SH] thymidine incorporation. The 
amount of incorporated thymidine is shown in terms of dpm for each 
sample . 

f Aqyrg ^ (A) immunoblot analysis. The figure shows constitutive 
20 expression of CPG2 (surface) I17LL in NIH3T3 cells. The position of 
migration of CPG2 (surface) UfLL is indicated, as is the position of 
migration of the standard molecular mass markers (in kOa) , to the 
left of the figure. Lanes 1 and 2 are for cell lines #3 and #16, 
respectively. (B) enzymatic activity assay of ^-galactosidase. (C) 
25 enzymatic activity assay of CPG2. In (B) and (C) the cell extracts 
from (A) were analysed. The results for NIH3T3 cell line #3 are 
given in the open bar and for cell line #16 in the solid bar. The 
activity is expressed as arbitrary values, relative to buffer 
controls. 

30 

Figure 7 Sensitivity of NIH3T3 cell lines constitutively expressing 
CPG2 (surface) LNLL or ^-galactosidase to the prodrug CMOA. 

Ficmre 8 Bystander effect seen with NIH3T3 cells constitutively 
35 expressing CPG2 (surface) LNLL and the C3fDA prodrug. 
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Figure 9 (A) inununoblot analysis: transient expression of 
CPG2 (surface) and CPG2 (surf ace) QQQ in NIH3T3 cells. The position 
of migration of CPG2 (surf ace) and CPG2 (surface) QQQ is indicated, 
as is the position of migration of the standard molecular mass 
5 markers (in kDa) , to the left of the figure. (B) enzymatic 
activity assay of CPG2. The cell extracts from (A) were analysed. 
Sample numbers correspond to lane numbers from (A) . The activity 
is expressed as arbitrary values, relative to buffer controls. 

10 Figure 10 (A) immunoblot analysis: constitutive expression of 
CPG2 (surface) QQQ in MDA MB 361 cells. The position of migration 
of CPG2 (surface) QQQ is indicated as is the position of migration 
of the standard molecular mass markers (in kDa) , to the left of the 
figure. (B) enzymatic activity of j9-galactosidase expressed in the 

15 MDA MB 361 cell lines M2 and M36. The cell extracts from (A) were 
analysed. Sample numbers correspond to lane numbers from (A) • The 
activity is expressed as arbitrary values, relative to buffer 
controls. 

20 Figure 11 (A) Sensitivity of MDA MB 361 cells constitutively 
expressing CPG2 (surface) QQQ or p-galactosidase to the prodrug GMDA. 
(B) Sensitivity of MDA MB 361 cells constitutively expressing 
CPG2 (surface) QQQ or /5-galactosidase to the prodrug 2. 

25 Figure 12 Sensitivity of MDA MB 361 cells constitively expressing 
CPG2, to the prodrug 2 - sulphorhodeimine assay. 

Figure 13 Bystander effect seen in the MDA MB 361 cell lines 
constitutively expressing CPG2 (surface) QQQ with prodrug 2. 

30 

Detailed de scription of the invention. 
A> Vector svsteros. 

Examples of suitable vector systems include vectors based on the 
35 Molony murine leukaemia virus are known (Ram, Z et al. Cancer 
Research (1993) 52;83-88; Dalton & Treisman, Cell (1992) fit; 597- 
612). These vectors contain the Murine Leukaemia virus (MLV) 
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enhancer cloned upstream at a ^-globin minimal promoter. The fi- 
globin 5' untranslated region up to the initiation ATG is supplied 
to direct efficient translation of the cloned protein. The 
initiator ATG straddles an Ncol restriction site and thus can be 
used to clone a protein coding sequence into the vector. This 
vector further contains a polylinker to facilitate cloning, 
followed by the ^-globin 3 '-untranslated region and polyadenylation 
sites. The MLV enhancer is of particular use since it is a strong 
enhancer and is active in most murine and human cell lines. 

Suitable viral vectors further include those which are b%^ed upon 
a retrovirus. Such vectors are widely available in the art. Huber 
et al (ibid) report the use of amphotropic retroviruses for the 
transformation of hepatoma, breast, colon or skin cells. Culver 
et al (Science (1992) 2S&i 1550-1552) also describe the use of 
retroviral vectors in GDEPT. Such vectors or vectors derived from 
such vectors may also be used. Other retroviruses may also be used 
to make vectors suitable for use in the present invention. Such 
retroviruses include rous sarcoma virus (RSV) . The promoters from 
such viruses may be used in vectors in a manner analogous to that 
described above for MLV. 

Englehardt et al (Nature Genetics (1993) ±; 27-34) describe the use 
of adenovirus based vectors in the delivery of the cystid fibrosis 
transmembrane conductance product (CFTR) into cells, and such 
adenovirus based vectors may also be used. Vectors utilising 
adenovirus promoter and other control sequences may be of use in 
delivering a system according to the invention to cells in the 
lung, and hence useful in treating lung tumours. 

In general, the vector may be any DNA or RNA vector used in VDEPT 
or GDEPT therapies. 



The enzyme may be any enzyme which is not normally expressed on the 
surface of a cell, nor released into the circulation, particularly 
a mammalian (especially human) cell, and which is capable of 
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converting a prodrug into an active drug. The enzyme may be a 
mammalian enzyme which does not naturally occur in a human or a 
human enzyme which is not normally accessible to the prodrug. This 
includes enzymes from other species as well as mammalian enzymes 
5 which are altered in a manner which is selective for the prodrug, 
rn other words, the alteration means that the conversion of the 
prodrug to an active drug by the natural enzyme will be at a rate 
one or more orders of magnitude less than the rate at which the 
altered enzyme operates. Altered enzymes may be made by standard 
10 recombinant DNA techniques, e.g. by cloning the enzyme, determining 
its gene sequence and altering the gene sequence by methods such 
as site-directed mutagenesis. 

The enzyme will usually convert the prodrug into an active drug by 
15 removing a protecting group from the prodrug. In most cases, the 

protecting group will be cleaved as a whole from the prodrug. 

However, it is also possible for the enzyme to cleave or simply 

alter part of the protecting group, resulting in a partially 

cleaved or altered protecting group which is unstable, resulting 
20 in spontaneous removal of the remainder of the group. Such 

prodrugs are of particular use in association with the 

nitroreductase enzyme described below. 

Preferably, the enzyme is a non-mammalian enzyme. Suitable non- 
25 mammalian enzymes include bacterial enzymes. Bacterial enzymes 
include carboxypeptidases , such as carboxypeptidase G2 (CPG2) , as 
disclosed in WO88/07378, Pgeudomonas y-glutamylhydrolase 
EC3.4.22.12 (Levy CC & Goldstein P J. Biol. Chem. 242; p2933 
(1967)) and nitroreductases, such as an E.coli nitroreductase as 
30 disclosed in WO93/08288. Examples of other suitable enzymes 
include thymidine kinase (tk) , especially viral tk such as VZV or 
HSV tk; and ^-lactamase and p-glucoronidase. Other enzymes include 
penicillin V amidase, penicillin G amidase and cytosine deaminase. 

35 Enzymes expressed in a vector system of the present invention will 
generally undergo processing through the Golgi apparatus and 
endoplasmic reticulum to reach the surface of the cells. N-linked 
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glycosylation occurs in the Golgi apparatus and endoplasmic 
reticulum at a motif whose primary amino acid sequence is Asn-Xaa- 
Ser/Thr (where Xaa is any amino acid) ; the glycosylation occurs on 
the Asn residue. In some cases, this can lead to a reduction in 
5 activity of the enzyme compared to its unglycosylated native form. 
It is thus desirable that vectors of the present invention are 
altered to change by substitution, deletion or insertion at one or 
more glycosylation sites. 

10 For example, within the primary amino acid sequence of CPG2, there 
are three such consensus motifs, located at residues Asn Asn 
264 and Asn 272. Alteration of one or more of these sites is 
preferred when CPG2 is used in the present invention. Desirably, 
the alteration is substitution to leucine or glutamine. 

15 

In general, alterations to enzymes which are amino acid 
substitutions of from at least 1 to all glycosylation sites are 
particularly preferred, although deletions or insertions of for 
example i, 2, 3, 4, 5 or more amino acids are also possible. In 
any event, the alteration will be such that the enzyme retains its 
ability to convert a prodrug to an active drug at substantially the 
same rate as the unchanged, unglycosylated enzyme. In this 
context, "substantially vmchanged" will desirably be within 1 order 
of magnitute, and preferably from about 2-fold less to 2, 5 or 10 
25 fold more. 

In addition to specific changes the enzyme may otherwise be altered 
by truncation, substitution, deletion or insertion as long as the 
activity of the enzyme is substantially unchanged as defined above. 
For example, small truncations in the N- and/ or C-terminal sequence 
may occur as a result of the manipulations required to produce a 
vector in which a nucleic acid sequence encoding the enzyme is 
linked to the various other signal sequences described herein. The 
activity of the altered enzyme may be measured in model systems 
35 such as those described in the examples. 



20 



30 
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An example of a truncated enzyme is CPG2* which contains amino 
acids 23 to 415 of Seq» ID No.l, 

In a further aspect of the present invention, there is provided a 
vector comprising a bacterial carboxypeptidase which has been 
altered by substitution, deletion or insertion at one or more 
glycosylation sites. The carboxypeptidase is desirably CPG2 with 
the amino acid sequence of Seq. ZD No. 1 except for said one or 
more siibsti tut ions, deletions or insertions. Variants of such 
carboxypeptidases containing further substitutions, deletions or 
insertions but which retain substantially unchanged carboxy- 
peptidase activity are a further part of this aspect of the 
invention. Such variants may for example include truncated enzymes 
as discussed above. 

The invention also provides a nucleic acid which may be RHA or DNA 
encoding such carboxypeptidases, and vectors, including vectors, 
comprising such a nucleic acid. The nucleic acid is preferably 
that of Seq. ID No. 1 (except where altered to remove one or more 
glycosylation sites) , or a fragment thereof encoding the 
abovementioned variants of carboxypeptidase. The vector may be an 
expression vector, wherein said nucleic acid is operably linked to 
a promoter compatible with a host cell. The invention thus also 
provides a host cell which contains an expression vectbr of the 
invention- The host cell may be bacterial (e.g. E.coli), insect, 
yeast or mammalian (e.g. hamster or human). 

Host cells of the invention may be used in a method of making a 
carboxypeptidase enzyme or fragment thereof as defined aJ^ove which 
comprises culturing the host cell xinder conditions in which said 
enzyme or fragment thereof is expressed, and recovering the enzyme 
or fragment thereof in substantially isolated form. The enzyme or 
fragment thereof may be expressed as a fusion protein. 

C. other vector components. 

In the system according to the invention the enzyme laay be linked 
to a signal sequence which directs the enzyme to the surface of a 
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mammalian cell. This will usually be a mammalian signal sequence 
or a derivative thereof which retains the ability to direct the 
enzyme to the cell surface. This will be needed unless the enzyme 
has an endogenous signal sequence which does this* Even if an 
enzyme does have such a signal sequence, it can be replaced by 
another signal sequence where this is desirable or appropriate « 
Suitable signal sequences include those found in transmembrane 
receptor tyrosine kinases such as the c*erbB2 (H£R2/neu} signal 
sequence or variants thereof which retain the ability to direct 
expression of the enzyme at the cell surface. The c-erbB2 signal 
sequence can be obtained by reference to Coussens et al (1985) 
Science 230 : 1132-1139. 

The experiments described in the Examples herein may be used to 
determine variants of this, or other signal sequences, for their 
ability to express the enzyme at the cell surface. The variants 
may be produced using standard techniques known as such in 
molecular biology, eg. site-directed mutagenesis of a vector 
containing the signal sequence. 

Further suitable signal sequences include those which may be found 
in the review by von Heijne (1985) J. Mol. Biol. IM? 99-105. 

The enzyme of the system according to the invention' will be 
expressed at the surface of a cell. This means that it will be 
expressed in such a fashion as to have the enzyme exposed outside 
the cell so that it may interact with the prodrug, but will still 
be attached to the plasma membrane by virtue of a suitable plasma 
membrane anchor. A suitable anchor will be a polypeptide anchor 
which is expressed by the vector. For example, the enzyme which 
is linked to a sequence which is a transmembrane region which 
anchors the enzyme in the membrane of the cell. Such a 
transmembrane region can be derived from transmembrane receptor 
kinases, such as c-erbB2, EGF receptors and CSF-1 receptors. The 
c-erbB2 transmembrane region is set out in the example below. 
Variants of such transmembrane regions may also be used provided 
that they retain the ability to anchor the enzyme in the membrane 



15 



20 
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Of a cell, such that the active portion of the enzyme is outside 
the cell, and at its surface other anchors eg. Peptidoglycan 
anchors are lipid anchors and could also possibly be used. 

5 The anchor such as the one from a the transmembrane region is 
attached to the open reading frame of the enzyme gene by suitaible 
molecular biology techniques. When the protein is expressed it 
will have the anchor attached as the enzyme/anchor fusion protein 
is made. The anchor will then embed into the membrane and will 
10 hold the enzyme there. 

Vectors encoding the enzyme, together with, when required, a signal 
sequence and/ or transmembrane region may be made using recombinant 
DNA techniques known per se in the art. The sequences encoding the 

15 enzyme, signal sequence and transmembrane regions may be 
constructed by splicing synthetic or recombinant nucleic acid 
sequences together, or modifying existing sequences by technicfues 
such as site directed mutagenesis. Reference may be made to 
"Molecular Cloning" by Sambrook et al (1989, Cold Spring Harbor) 

20 for discussion of standard recombinant DNA techniques. 

D. Promoters, 

The enzyme will be expressed in the vector using a promoter capable 
of being expressed in the cell to which the vector is 'targeted. 

25 The promoter will be opere^3ly linked to the sequences encoding the 
enzyme and its associated sequences. For example, the c-erbB2 
proto-oncogene is expressed in breast tissues at low levels and in 
a tissue restricted manner. In some tumour states however the 
expression of this protein is increased, due to enhanced 

30 transcriptional activity. Not2d3le examples of this are breast 
tissue (about 30% of tiunours) , ovarian (about 20%) and pancreatic 
tumours (about 50-75%) . In such tumours where expression of c- 
erbB2 is increased due to enhanced transcription or translation, 
the c-erbB2 promoter may be used to direct expression of proteins 

35 in a cell specific manner. 
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With the GDEPT system of the present invention utilising c-erbB2 
promoters to target such tumours, the specificity of GDEPT is 
increased since transfection of normal cells by a vector with a c- 
erbB2 promoter will provide only limited amount of enzyme levels 
5 and thus limited activation of prodrug. 

The c-erbB-2 promoter has been sequenced to -1500 and may be 
obtained by reference to Hudson et al, (1990) J, Biol. Chem. 265 ; 
4389-4393. The major start site of transcription has been 
10 determined by Ishii et al (1987) Proc. Natl. Acad. Sci. 4374- 
4378 and Tal et al (1987) Mol. Cell Biol. 2; 2597-2601. Tl^is start 
site is referred to as +i and this numbering is referred to herein. 
Translation of c-erbB-2 starts at +178. The promoter has a CAAT 
box at -75 and a TATA box at -25. 

15 

Hollywood and Hurst (1993) EMBO J. 12.; 2369-2375 report that in 
mammary cells, regions of the promoter at -100 and -213 are 
impoirtant for the regulation of transcription. (see also Sarkar 
et al (1994) J. Biol. Chem. 269 ; 12285-12289). 

20 

In order to achieve expression from a vector utilizing the c-erbB-2 
promoter, it is desirable to use the c-erbB-2 promoter region from 
the CAAT box, and preferably the TATA box, upstream to include 
sequence elements responsible for specificity of exprfession in 

25 particular tissues, such as those found for mammary cells by 
Hollywood and Hurst (ibid) . The promoter will thus desirably 
include at least all the nucleotides upstream (5') of the CAAT box 
to about the 250th, eg. 300th, 400th, 500th, 600th, 700th, 800th, 
900th or further nucleotide 5' to the start of transcription. It 

30 is also preferred to include the TATA box. Optionally, the c-erbB- 
2 sequences downstream of the TATA box to the start of translation 
at +178 may also be used. 

Although the human c-erbB-2 promoter sequence is preferred, 
3 5 modified promoter sequences which are capable of selectively 
hybridizing to the human sequence may also be used. A promoter 
sequence capable of selectively hybridizing to the human promoter 
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sequence will be generally at least 70%, preferuijly at least 80 or 
90% and more preferably at least 95% homologous to the promoter 
region or fragment thereof over a region of at least 20, preferably 
at least 30, for instance 40, 60 or 100 or more contiguous 
5 nucleotides • 

In general, those of skill in the art will appreciate that some 
regions of the promoter such as those at -213 will need to be 
retained to ensure tximour specificity of expression from the vector 

10 whereas other regions of the promoter may be modified or deleted 
without significant loss of specificity. Thus, modified Barometers 
which are transcriptionally regulated siibstantially to the same 
degree as human c-erbB-2 are preferred. The degree of regulation 
of such candidate promoters can be tested and assessed by those of 

15 skill in the art using for example CAT assays in accordance with 
those described by Hollywood and Hurst (ibid). 

"Oper€a>ly linked" refers to a jxixtaposition wherein the promoter 
and the enzyme-coding sequence are in a relationship permitting the 

20 coding sequence to be expressed under the control of the promoter. 
Thus, there may be elements such as 5' non-coding sequence between 
the promoter and coding sequence which is not native to either the 
promoter nor the coding sequence. Such sequences can be included 
in the vector if they do not impair the correct contr61 of the 

25 coding sequence by the promoter. 

Other suitable promoters include viral promoters such as mammalian 
retrovirus or DNA virus promoters. Suitable promoters include 
those used in vectors described aUdove, e.g. MLV, CHV, RSV and 

30 adenovirus promoters. Preferred adenovirus promoters are the 
adenovirus early gene promoters. Strong mammalian promoters may 
also be suitable. An example of such a promoter is the EF-la 
promoter which may be obtained by reference to Hizushima and Nagata 
((1990), Nucl. Acids Res. 1&; 5322). Variants of such promoters 

35 retaining substantially similar transcriptional activities may also 
be used. 
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Vectors which comprise the c-erbB-2 promoter form a further novel 
aspect of the present invention and may be used in systems in which 
the vector expresses a gene capable of converting a prodrug into 
an active drug within a target cell. Thus the invention provides 
5 a viral vector comprising a c-erbB-2 promoter operably linked to 
a gene encoding an enzyme, the enzyme being capable of converting 
a prodrug into an active drug. The invention also provides a kit 
which comprises a vector as defined above together with a prodrug 
which is capable of being converted to an active drug by the enzyme 
10 encoded by the vector, m another aspect, the invention provides 
a vector as defined above or a kit as defined above for jise in a 
method of treatment of the human or animal body, and in particular 
a method of treatment of tumours in which the c-erbB-2 proto- 
oncogene is overexpressed. m a further aspect, the invention 
provides a method of treatment of tumours, and in particular a 
method of treatment of tumours in which the c-erbB-2 proto-oncogene 
is overexpressed, which method comprises administering to an 
individual with a tumour (i) an effective amount of a vector as 
defined above, and (ii) an effective amount of a prodrug capable 
of being converted to an active drug by the enzyme encoded by the 
vector. 



15 



20 



The prodrug for use in the system will be selected to be dompatible 
25 with the enzyme, ie. such that the enzyme will be capable of 
converting the prodrug into an active drug. Desirably, the 
toxicity of the prodrug to the patient being treated will be at 
least one order of magnitude lees toxic to the patient than the 
active drug. Preferably, the active drug will be several, eg 2, 
30 3, 4 or more orders of magnitude more toxic. Suitable prodrugs 
include nitrogen mustard prodrugs and other compounds such as those 
described in WO88/07378, WO89/10140, W090/02729, WO91/03460, EP-A- 
540 263, WO94/02450, W095/02420 or WO95/03830 Which are 
incorporated herein by reference. 



35 



Efi) - Nitrogen mustard PT-ft,^r^nf , 

Nitrogen mustard prodrugs include compounds of the formula: 
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M-Ar-"CONH-R 

where Ar represents an optionally substituted ring aromatic ring 
system, R-NH is the residue of an Q*amino acid R-NH^ or 
oligopeptide R-NH^ and contains at least one carboxylic acid group, 
5 and M represents a nitrogen mustard group. 

The residue of the amino acid R-NH is preferably the residue of 
glutamic acid. It is disclosed in WO88/07378 that the enzyme 
carboxypeptidase G2 is cap2d3le of removing the glutamic acid moiety 
10 from compounds of the type shown eOsove, and the removal of the 
glutcuaic acid moiety results in the production of an active 
nitrogen mustard drug. 

Thus nitrogen mustard prodrugs of use in the invention include the 
15 prodrugs of generic formula I of HO94/02450 and salts thereof, and 
in particular those of formula (I) : 



20 




wherein R^ and R^ each independently represent chlorine, bromine, 
iodine, OSOjMe, OSO^phenyl (wherein phenyl is optionally sxibsti tut ed 
with 1,2,3,4 or 5 substituents independently selected from C^. 
30 ^alkyl, halogen, -CN or NO^) ; 

r'* and R^* each independently represents hydrogen, C,,^ alkyl or C^.^ 
haloalkyl; 

R^ and R^ each independently represents hydrogen, C^.^ alkyl or C^.^ 
haloalkyl; 
35 n is an integer from 0 to 4; 

each R^ independently represents hydrogen, C^.^ alkyl optionally 
containing one double bond or one triple bond, C^.^ alkoxy, halogen. 
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cyano, -NH^, -CONrV (wherein and R« are independently hydrogen, 
Ci.6 alkyl or €3.^ cycloalkyl) or two adjacent groups together 
represent 

a) C4 alkylene optionally having one double bond; 

b) C3 alkylene; or 

c) -CH»CH-CH=CH-, -CH-CH-CH2- or -CH2-CH-CH- each optionally 
substituted with 1, 2, 3 or 4 substituents said substituents each 
independently selected from the group consisting of C,.^ alkyl, C,.^ 
alkoxy, halogen, cyano and nitro; 

X is a group -C(0)-, -o-c(O)-, -NH-C(O)- or -CH^-CCO)-; and 

2 is a group -CH^-T-CCO) -OR* where T is CH^, -0-, -S-, -JSO)- or 

-(SO2)-, and R* is hydrogen, C,.^ alkyl, C,.^ cycloalkyl 

amino, mono- di-c,.^ alkylanino or mono or dic,.^ cycloalkyl amino, 

provided that when R* is hydrogen T is -CHg-; and physiologically 

acceptable derivatives, including salts, of the compounds of 

formula (I) . 

Halogen includes fluorine, chlorine, bromine and iodine. Preferred 
values for the groups R^* and R^- are methyl and hydrogen, 
especially hydrogen. Preferred values for the groups rS and R* are 
hydrogen, methyl and trif luoromethyl , especially hydrogen. 
Preferred values for the groups R^ and R^ are I, Br, CI, OSO^Me and 
OSOjphenyl wherein phenyl is substituted with one or two 
substituents in the 2 and/or 4 positions. I, ci and dSO^Me are 
especially preferred. 

Preferred values for r' when n is an integer from 1 to 4 are 
fluorine, chlorine, methyl-cONHj and cyano. Preferably, n is 0, 1 
or 2. When n is 1 or 2 it is preferred that r' is fluorine at the 
3 and/or 5 positions of the ring. The group X is preferably -C(0)-, 
-O-C(O)- or -NH-C(O)-. z is preferably a group -CHjCHj-COOH . 

Preferred specific compounds include: 

N-4-[ (2-chloroethyl) (2-mesyloxyethyl) aminoJbenzoyl-L-glutamic acid 
(referred to below as "CMDA") and salts thereof; 

N- ( 4 - ( bis ( 2 -chloroethyl ) amino 3 -3 -f luorophenylcarbamoyl ) -L-glutamic 
acid and salts thereof; 
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N- (4- [bis (2-chloroethyl) aminolphenylcarbamoyl) -L-glutamic acid and 
salts thereof; 

N- (4 - [bis (2-chloroet:hyl) amino ] phenoxycarbonyl ) -L-glutamic acid and 
salts thereof; and 
5 N-(4-[bis(2- iodoethyl ) amino ) phenoxycarbonyl ) -L-glutamic acid 
(referred to below as "prodrug 2") and salts thereof. 

Particular sub-groups of the compounds of the present invention of 
interest may be obtained by taking any one of the above mentioned 
10 particular or generic definitions for R^-R*, R^, X or W either 
singly or in combination with any other particular ox^ generic 
definition for R^-R*, R*, X or W. 

Other prodrugs include compounds of the formula (II) : 

15 



20 



25 




30 wherein r\ R^, R^, n and 2 are as defined for compounds of the 
formula (I) above; 
m is an integer from 0 to 4, 

2^ and 2^ are each independently -O- or -NH-; and 
r' is hydrogen, t-butyl or allyl; 
35 and physiologically acceptable derivatives of the compound of 
formula (I) . Preferred values at r\ R^, R^, n and Z are as defined 
above for compounds of the formula (I) * Preferred values of m are 
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0, 1 or 2 as defined for n above, r' is preferably hydrogen, but 
can be protected especially during synthesis by groups such as 
allyl or t-butyl. 

These prodrugs can be activated at the site of a tumour by a 
oarboxypeptidase enzyiae, for example, CPG2 as disclosed in 
WO88/07378 or WO94/02450. 

Nitrogen mustard prodrugs of the formula (III) : 

R2. 



Rl 

N' an) 



N02 



20 



O 



wherein B.\ R^, r5, z\ n, and m are as defined for compounds of the 
formula (II) , and physiologically acceptable derivatives thereof, 
may also be used in the present invention. 

These prodrugs can be activated at the site of a tumour by a 
nitroreductase enzyme, for example, as disclosed in HO93/08288. 

Usually to ensure enzyme activity a cofactor such as riboside or 
a ribotide of nicotinic acid or nicotinamide will be required and 
may be administered with the prodrug. 

Compounds of the formulae (II) and (III) may be made using 
reactions and methods known per se in the art of chemistry. The 
following methods are of particular use: 
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A; Compounds of formula fXT^ where 7} is 

Compounds of the formula (I) in which is -O* may be made by 
reacting a nitrogen mustard of formula (IV) 

5 



10 




15 

Where r\ R^, and and n are as defined above and 2* is -O- with 
a linker of formula (V) 

20 



25 




30 

Where R^, m, Z^, R^ and 7? are as defined above, and Q is hydrogen 
or a leaving group. This reaction may be done in aprotic solvents 
35 in the presence of a base, for example DMF and triethylamine. 
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10 



15 



20 



Preferred leaving groups Q include a succinimidyl group, a 
4-nitrophenyl carbonate group, a pentaf luorophenyl carbonate and 
a tetrachloroethyl group CH(Cl)CCl3. 

(ii) compounds of the formula (IV) may be made starting from 
4-nitrophenol optionally substituted with the group (s) r'^^, (as 
defined above). The phenolic group is protected as an 
adamantanyloxycarbonyl-derivative (by reacting the starting 
materials with adamantanyl-fluoroformate and triethylamine in THF 
at rt) . The protected 4-nitrophenyl carbonate is reduced to the 
corresponding amine by hydrogen transfer in ethanol usingjunmonium 
formate and Pd/C 10% as catalyst at room temperature. The amine is 
then hydroxyethylated with ethylene oxide in AcOH at 20 -C and then 
reacted to the desired nitrogen mustard. Reference may be made to 
EP-A-433 360 or EP-A-4 90970 for suitable conditions. The compounds 
may be purified by column chromatography. Deprotection to remove 
the adamantyl group may be carried out in trifluoroacetic acid. 

(iii) Alternatively, the nitrogen mustard of formula (IV) may be 
activated as a chloroformate by treatment with phosgene or 
triphosgene in an aprotic solvent and triethylamine followed by 
coupling with a compound of formula (VI) : 



25 



30 



R5(m) 




(VI) 



0R9 



where R^, m, 2^, R» and are as defined above. This may be 
carried out in THF or other aprotic solvents in the present of a 
base (for example triethylamine or pyridine). 
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(iv) A further alternative route of synthesis of compounds of 

the formula (II) in which is -O- involves direct coupling of 
4-nitrophenol optionally substituted with the group (s) R^^^^ (as 
defined above) with the compound of the formula (V) or by reaction 
5 of the said optionally sxibstituted 4-nitrophenol compound 
chlorof romate with the compound of formula (V) , followed in each 
case by the reaction described above to convert the nitro group, 
via an amine, to a mustard group. 

10 B; compounds of fo rmula (TT\ where 2^ is 

(i) Compounds of the formula (11) in which is -NH- may be 
made by reaction of a compound of formula (IV) in which Z* is -HH- 
with a linker of the formula (V) in aprotic solvents and in the 

15 presence of a base. Compounds of the formula (IV) in which Z* is - 
NH- may be made from a l-halo-4-nitrobenzy compound, optionally 
substituted with the group(s) R*^„, (as defined above). This is 
converted to the corresponding l-bis-hydroxyethylamino-4 -nitro- 
benzyl compound by reaction with diethanolamine with heat and the 

20 resulting product purified by column chromatography. The 
corresponding 4 -nitro nitrogen mustard may be made by for example 
mesylation using mesyl chloride in pyridine and siibsequent reaction 
to other halo mustards, e.g. bromo or iodo mustards if required. 
The 4 -nitro group may be reduced by hydrogen transfer in ethanol 

25 using ammonium formate and a Pd/C 10% catalyst at 20*C. 

(ii) Alternatively the l-bis-hydroxyethylamino-4-nitroben2yl 
compoxxnd mentioned above can be reduced using aunmonixam formate and 
Pd/C 10% as catalyst in ethanol at 20 'C to provide the 

30 corresponding phenyl ene -diamine derivative. This derivative can 
be converted into the corresponding 4 -amino nitrogen mustard as 
described in the above paragraph, e.g- initially by reaction with 
mesyl chloride. 

35 C: Compou nds of formula fill); 
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(i) Compounds of the formula (III) may be obtained by 

coupling nitrogen mustard phenol compounds described in section 
A(i) above with 4-nitrobenzyl choloroformate optionally substituted 
with the group(s) R^^^^ (as defined above) in the presence or 
absence of triethylamine at 20*C. 



10 



20 



25 



30 



35 



(ii) Alternatively aniline nitrogen mustards as described in 

section B(ii) above may be used with the chl or o formated as 
described in section C(i) sUsove. 

P; Compounds of the f annul a (V^ in uhS c h is -tm-- 



(i) Compounds of the formula (IV) in which is -NH- may be 

made from a 4-nitro benzyl ic alcohol optionally substituted with 
15 the group (s) R*^^, (as defined above). The hydroaeyl function is 
protected as a pyranyl- or t-butyl-dimethylsilyl (TBDMSl) -ether by 
treatment at 20*0 with 3,4-2H-dihydropyran and pyridiniua-p- 
toluensulfonate (PPTS) in an aprotic solvent or with TBIMSi 
chloride and imidazole in dimethyl formamide (DMAC) , respectively. 
The intermediate thus obtained is reduced to the corresponding 
amine by hydrogen transfer in ethanol using ammonium formate and 
Pd/C 10% as catalyst at 20 'C. This amine is converted to a glutamyl 
ester intermediate of formula (VII) : 




(VII) 



OR9 



where R^, m, r' and are as defined above, Z^ is -NH- and Pr is 
the pyranyl- or t-butyl-dimethylsilyl (TBDMSi) -ether protecting 
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group • This may be done by treating the amine with triphosgene and 
triethylamine in toluene at 60 'C to provide the corresponding 
isocyante, which is treated with a glutamate derivative of formula 
R^-C(0)-CH(NH2)-Z^ where and 2 are as defined above. 

Alternatively the corresponding glutaoayl^isocyanate obtained from 
the corresponding glutamate by treatment with triphosgene and 
triethylamine in toluene at -78 'C may be reacted with the amine in 
a one pot procedure. 

(ii) The compound of formula (VII) is deprotected to remove the 
TBDHSi or pyranyl groups by treatment with mild acidic media (AcOH, 
THF and H20 or PPTS, EtOH, 55*C) . This yields a compound of 
formula (VII) in which Pr is hydrogen. Compounds of the formula 
(V) in which Q is a leaving group may be prepared using standard 
reactions known in the art. 

(iii) For example where Q is a succinimidyl group the compound of 
formula (VII) where Pr is hydrogen may be treated with 
disuccinimidyl-carbonate and triethylamine in acetonitrile. Where 
a 4-nitrophenyl carbonate group is desired treatment with 
4-nitrophenyl chlorformate and triethylamine in THF may be used. 
A pentaf luorophenyl carbonate may be added by in situ phosgenation 
of pentaf luorophenol followed by coupling to the linker of formula 
(VII) in which Pr is hydrogen. 

E: compounds of the formu la fV^ in which 2^ is 

(i) The starting materials for the linkers possessing a carbamic 
bond are unsubstituted or substituted (with the group (s) R^^„j (as 
defined above)) 4-hydroxy-benzylic alcohols. These type of linkers 
may require an extra electron withdrawing group on the aromatic 
nucleus in order to undergo 1, 4-elimination. The 4-hydroxy group 
is specifically protected as an acetate by treating the starting 
material with acety 1-v-triazolo- [4 , 5-b] pyridine, IN NaOH in THF at 
20 'C. The alcohol function of the acetate is further protected as 
pyranyl- or TBDMSi -ether by the procedures described in section D 
above. The acetate function is then deprotected to restore the 
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4 -hydroxy group in NaHC03 aq. MeOH at 20*C. The resulting phenol 
compounds are reacted in a one pot procedure with a protected 
glutamyl -isocyanate as described in section D(i) above. This 
yields a compound of the formula of (VII) as shown above in which 
Z is -o- and Pr is the pyanyl- or :fe-butyl-dimethylsilyl 
(TBDMSi) -ether protecting group. 

(ii) Deprotection of this compound yields a compound of the formula 
(VII) in which Pr is hydrogen. This may be converted to compounds 
of the formula (V) by methods analogous to those described in 
sections D(ii) and (iii) above. 

r; A l ternative synthesis of com^pounds of t n rmulm fTVl ♦ 

15 Compounds of the formula (IV) in which Q is hydrogen, fluoro, 
chloro, bromo or -O-(N-succinimide) may also be obtained by 
reference to WO95/02420 or WO95/03830. 



10 



20 



25 



E ( i i ) . other pT-o/^i-ygg , 

Other compounds which may be used as prodrugs include p-nitro- 
benzyloxycarbonyl derivatives of cytotoxic compounds. Such 
compounds can be used in conjunction with a nitroreductase enzyme. 
It is believed that the nitroreductase enzyme converts the nitro 
group of the prodrug into a hydroxylamino or amino group, which 
results in the p-nitrobenzyloxycarbonyl moiety becoming activated 
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and then self-immolating. This releases the active drug. These 
compounds include a compound of formula: 



The nitroreductase enzyme of WO93/08288 requires a co-factor such 
as NADH or NADPH, and this may optionally be supplied as an 
additional component in the system of the invention. 

Examples of other compounds described in the above references 
include prodrugs of actinomycin D, doxorubicin, daunomycin and 
mitomycin C* Prodrugs of the foregoing references are converted 
to active drugs by either nitroreductase or CP62, although they may 
be modified to comprise protecting groups cleavable by other 
enzymes, eg /9-lactamase or glucronidase • 

Further prodrugs suitable for use in the invention include those 
of the general formula: FTLi-{PRT)^, or salts thereof where FTLi is 
a ras inhibitor such as a famesyl transferase inhibitor compound 
and PRT represents m' protecting groups capable of being cleaved 
from the ras inhibitor by the action of an enzyme, where m' is an 
integer from 1 to 5. Such compounds are disclosed in WO95/03830. 

Suitable FLTi's include those of the formula (VIII) or (IX) 
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where and R^^ are the side chains of naturally occurring amino 
acids (for example -CHj, -CHCCHjjj, -CHjCHCCH,) -CH(CHj) CHjCH,, - 
CHjOH, -CH2CH2SCH3, -CH(OH)CH3), including their oxidized forms (for 
example, methionine sulfoxide or methionine sulfone) , or are 
substituted or unsubstituted aliphatic, aromatic or heteroaromatic 
groups, preferably cyclohexyl, phenyl, pyridyl, imidazolyl or 
saturated or unsaturated branched or straight chains of 2 to 8 
carbon atoms optionally substituted with an aromatic or 
heteroaromatic ring; 

X,, is CHjCHj, trans CHeCH or CHjMH; and 

Xj, is (CHj)^ wherein n is 0, 1 or 2. Preferably and both 
represent CH ( CH3 ) CHjCH, . 

Suitable FLTi compounds including those of formulae (VIII) and (IX) 
may be obtained by reference to WO95/03830. 

Other suitable prodrugs for use in the system of the invention 
include those which are derivatized with a sugar or a ^-lactam 
derivative. For exemple, suitable linkers which may be attached 
to active drugs of the type described above are: 




^•0 OR' 
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Where R' is hydrogen or acetyl and is aryl such as phenyl, 
10 benzyl or tolulyl, and these may be made in an analogous manner to 
the other prodrugs described above. 

A further group of prodrugs are tytphostin compounds of the general 
formula: PTKi-PRT,, where PTKi is a compound with PTK (protein 
15 tyrosine kinase) inhibitory activity, PRT is a protecting group 
capable of being cleaved from the PTK inhibitor by the action of 
an enzyme and m' is an integer from 1 to 5* 

Suitable PTKs include tyrphostins. Tyrphostins are low molecular 
20 weight (e.g. less than 2,000) styryl containing inhibitors of 
protein tyrosine kinase which are capable of binding to the subsite 
of protein tyrosine kinase domains. Suitable tyrphostins include 
those described by Gazit et al (Gazit et al, J- Med. Chem. (1989) 



BNSDOCID: <WO 96035 15A2_L> 



wo 96/03515 




PCT/GB95/01782 



- 28 - 

32, 2344) and Gazit et al (J. Med. Chem. (1991) 41; 1896-1907) and 
especially tyrphostins of the general formula: 



10 



where represents carbon, a nitrogen or a group N-K); n is an 
integer from 1 to 3; each group R^*^, which may be the same or 

15 different is hydrogen, hydroxy, mercapto, carboxy, formyl, c,. 
^alkyl, Cj.^ alkenyl, C,.^alkoxy, ^.^alkylthio, carboxyC^.^alkyl, 
carboxyCj.^ alkenyl, C^.^alkylsulphoxy, halo (ie. fluoro, chloro, 
bromo or iodo) , nitro, amino, C,.^alkylamino, or q.^dialkylamino, or 
when n is 2 or 3 two R^^ groups may together form a methylenedioxy 

20 or ethylenedioxy group; r" is hydrogen, hydroxy, q.^alkyl or 
together with position 2 of the ring to which the group (s) R^^ 
is (are) attached forms a 5 or 6 membered aliphatic or heterocyclic 
ring, said 5 or 6 membered ring optionally containing a ketone 
group; and R^^ is cyano, carboxy, carbamoyl, thiocarbsonoyl , a group 

25 C(0)HNCH2CN, a group C(NH2) «C(CN) an alpha keto group C(0)r" where 
R" is 3 ,4-dihydroxyphenyl or 2-thiophenyl or an alpha amido group 
C(0)NHR^* where R^* is benzyl, phenyl or 2,4-dimethoxyphenyl; 
provided that at least one of the groups R^® and r" is mercapto, 
hydroxy or amino. 

30 

In a preferred embodiment, X^ is C; n is an integer from 1 to 3; 
each group R^°, which may be the same or different is hydrogen, 
hydroxy, carboxy, formyl, C,.^alkyl, Cg.^ alkenyl, C,.^alkoxy, 
carboxy C^.^alkyl, carboxyCj.^ alkenyl, halo (ie. fluoro, chloro, 
35 bromo or iodo) , nitro, amino, C^.^alkylamino, or C^.^dialkylamino, or 
when n is 2 or 3 two R^° groups may together form a methylenedioxy 
or ethylenedioxy group; R^^ is hydrogen, hydroxy or C^.^alkyl; and 
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cyano, carboxy, carbamoyl, thiocarbamoyl, a group C(0)HNCH2CN 
or a group C(NH2)=C(CN)2- Most preferably, represents carbon, 
n is an integer from 1 to 3 ; each group R^°, which may be the same 
or different is hydrogen, hydroxy or amino; R^^ is hydrogen or 
hydroxy; and R^^ is cyano, a group C(0)HNCH2CN, a group 
C(NH2)«C(CN)2, an alpha keto group C(0)R" where r" is 3,4- 
dihydroxyphenyl , or an alpha amido group C(0)NHR^* where R^* is 
benzyl; provided that at least one of the groups R^°, R^\ and R^^ 
are hydroxy or amino. Preferably, R^^ is hydroxy or amino. When 
R^^ forms a 5 or 6 membered ring with R^° preferred rings include 
heterocyclic rings wherein the ring contain one nitrogen _atom and 
4 or 5 carbon atoms. The total number of atoms includes the 2 
carbon atoms of the ring to which the group (s) R^^ is (are) attached. 

Suitable tyrphostins such as the aO^ove may be obtained by the 
methods disclosed in, or analogous to those of, WO95/02420, Cazit 
et al 1989 and 1991, ibid, which are incorporated herein by 
reference. 

Tyrphostins may be linked to any suitable protecting group which 
is removable by an enzyme • Suitable protecting groups PRT may be 
found by reference to WO95/03830 or WO95/02420 and may be of the 
structure : 

- ( Z^-CO . 0-CH2-Ph-N02) or 

- (Z^-CO. 0 . CHj-Ph-Z-NH-glu) 

where is as defined aO^ove or S, m' is an integer from 1 to 5, Ph 
is a phenylene ring optionally substituted by from 1 to 4 groups 
R^ (which may be the same or different) as defined ahovB and glu is 
a group -CHZ-C(O) -OR^ where Z and R^ are as defined above. The 
nitro group may be in the 2-position although is desirably in the 
4 -position of the ring relative to the Ph ring. 

Efilil t perivj|1:ivest 

Physiologically acceptable derivatives of prodrugs include salts, 
amides, esters and salts of esters. Esters include carboxylic acid 
esters in which the non-carbonyl moiety of the ester grouping is 
selected from straight or branched chain C^.^alkyl, (methyl, n- 
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propyl,, n-butyl or t-butyl) ; or C3.^cyclic alkyl (e.g. cydohexyl) . 
Salts include physiologically acceptable base salts, eg derived 
from an appropriate base, such as alkali metal (e.g. sodium), 
alkaline earth metal (e.g. aagnesiiun) salts, ammonium and NR^. 
(wherein R- is C,.^ alkyl) salts, other salts include acid addition 
salts, including the hydrochloride and acetate salts. Amides 
include non-substituted and mono- and di -substituted derivatives. 

r. Applications of the invenl-^^n , 

The system of the invention can be used in a method of treatment 
of the hiaman or animal body. Such treatment includes a fli^thod of 
treating the gro%rth of neoplastic cells which comprises 
administering to a patient in need of treatment the system of the 
invention. It is also possible that the invention may be used to 
treat cells which are diseased through infection of the human or 
animal body by bacteria, viruses or parasites. Viral late 
promoters often rely on viral proteins that are made early in the 
infection. The viral coat proteins which are expressed on the 
surface of an infected cell may be used as a target for getting the 
gene into the cell. if a viral late promoter is then used to 
direct expression of the GDEPT enzyme, any infected cells will 
express the protein, and specifically, cells which have been 
infected, for some time. This may be sufficient to kill the 
infected cells. For parasites, a parasite promoter and parasite 
surface proteins, may be used to direct expression and infect the 
parasites respectively. 

For a bacteria, all the delivery systems will probably need to be 
changed to use bacterial viruses, although a specific promoter 
should be easier to define. 



For use of the vectors in therapy, the vectors will usually be 
packaged into viral particles and the particles delivered to the 
site of the tumour, as described in for example Ram et al (ibid). 
The viral particles may be modified to include an antibody, 
fragment thereof (including a single chain) or tumour - directed 
ligand to enhance targetting of the tumour. Alternatively the 
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vectors may be packaged into liposomes. The liposomes may be 
targeted to a particular tumour. This can be achieved by attaching 
a tumour-directed antibody to the liposome. Viral particles may 
also be incorporated into liposomes. The particles may be 
5 delivered to the tumour by any suitable means at the disposal of 
the physician. Preferably^ the viral particles will be capable of 
selectively infecting the tumour cells. By "selectively infecting" 
it is meant that the viral particles will primarily infect tumour 
cells and that the proportion of non-tumour cells infected is such 
10 that the daimage to non-t\imour cells by administration of a prodrug 
will be acceptably low, given the nature of the disease being 
treated. Ultimately, this will be determined by the physician. 

One suitable route of administration is by injection of the 
15 particles in a sterile solution. While it is possible for the 
prodrugs to be administered alone it is preferable to present them 
as pharmaceutical formulations. The formulations comprise a 
prodrug, together with one or more accepteJsle carriers thereof and 
optionally other therapeutic ingredients. The carrier or carriers 
20 must be "accepteible" in the sense of being compatible with the 
other ingredients of the formulation and not deleterious to the 
recipients thereof, for exsunple, liposomes. Suit2d>le liposomes 
include, for example, those comprising the positively charged lipid 
(N[l-( 2, 3-dioleyloxy) propyl )-N,N,N-triethylammonium (DOTOA) , those 
25 comprising dioleoylphosphatidylethanolamine (DOPE) , and those 
comprising 3/? [N- (n' ,N'-dimethylaminoethane) -carbamoyl ] cholesterol 
(DC-Chol) . 

Viruses, for example isolated from packaging cell lines may also 
30 be administered by regional perfusion or direct intra tumoral 
direction, or direct injection into a body cavity (intracaviterial 
administration), for example by intra-peritoneum injection. 

It is also known that muscle cells can take up naked DNA and thus 
35 sarcomas may be treated using a vector system of the invention in 
which naked DNA is directly injected into the sarcoma. 
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Formulations suitable for parenteral or intramuscular 
administration include aqueous and non-aqueous sterile injection 
solutions which may contain anti-oxidants, buffers, bacteriostats , 
bactericidal antibiotics and solutes which render the formulation 
isotonic with the blood of the intended recipient; and aqueous and 
non-aqueous sterile suspensions which may include suspending agents 
and thickening agents, and liposomes or other microparticulate 
systems which are designed to target the compound to blood 
components or one or more organs. The formulations may be 
presented in unit-dose or multi-dose containers, for example sealed 
ampoules and vials, and may be stored in a freeze-dried 
(lyophilized) condition requiring only the addition of the sterile 
liquid carrier, for example water, for injections, immediately 
prior to use. Injection solutions and suspensions may be prepared 
extemporaneously from sterile powders, granules and tablets of the 
kind previously described. 



It should be understood that in addition to the ingredients 
particularly mentioned above the formulations may include other 
agents conventional in the art having regard to the type of 
formulation in question. Of the possible formulations, sterile 
pyrogen-free aqueous and non-aqueous solutions are preferred. 

The doses may be administered sequentially, eg. at daily, weekly 
or monthly intervals, or in response to a specific need of the 
patient. Preferred routes of administration are oral delivery and 
injection, typically parenteral or intramuscular injection or 
intratumoural in j ect ion . 



In using the system of the present invention the prodrug will 
usually be administered following administration of the vector 
encoding an enzyme. Typically, the vector will be administered to 
the patient and then the uptake of the vector by trans fected or 
infected (in the case of viral vectors) cells monitored, for 
example by recovery and analysis of a biopsy sample of targeted 
tissue. 
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The exact dosage regime will, of course, need to be determined by 
individual clinicians for individual patients and this, in turn, 
will be controlled by the exact nature of the prodrug and the 
cytotoxic agent to be released from the prodrug but some general 
5 guidance can be given. Chemotherapy of this type will normally 
involve parenteral administration of both the prodrug and modified 
virus and administration by the intravenous route is frequently 
found to be the most practical. For glioblastoma the route is 
often intra tumoural. A typical dosage range of prodrug generally 

10 will be in the range of from about 1 to 150 mg per kg per patient 
per day, which may be administered in single or multiple doses. 
Preferably the dose range will be in the range from about 10 to 75, 
e.g. from about 10 to 40, mg per kg per patient per day. Other 
doses may be used according to the condition of the patient and 

15 other factors at the discretion of the physician. 

Tumours which may be treated using the system of the present 
invention include any tumours capable or being treated by a GDEPT 
or VDEPT system and thus are not limited to any one particular 
20 class of tumours. Particularly suitable tumour types include 
breast, colorectal and ovarian tumours, as well as pancreatic, 
melanoma, glioblastoma, hepatoma, small cell lung, non-small cell 
lung, muscle and prostate tumours. 

25 The system of the invention may also be used to treat infections 
diseases , for example , and any other condition which requires 
eradication of a population of cells. 

It will be understood that where treatment of tumours is concerned, 
3 0 treatment includes any measure taken by the physician to alleviate 
the effect of the tumour on a patient- Thus, although complete 
remission of the txmour is a desirable goal, effective treatment 
will also include any measures capable of achieving partial 
remission of the tximour as well as a slowing down in the rate of 
35 growth of a t\imour including metastases. Such measures can be 
effective in prolonging and/or enhancing the quality of life and 
relieving the symptons of the disease. 
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The following Examples illustrate the invention- 

PRPPMtftTXVg VJ^VJ^V I 

5 In order to express CPG2 on the surface of xnaaimalian cells, a 
fusion between CPG2 and portions of c-erbB2 were constructed. The 
portions of c-erbB2 used are:- 

1. The signal peptide encoding region (codons 1-27): 

10 5'>ATG GAG CTG GCG GCC TTG TCC CGC TGG GGG CTC CTC CTC GCC CTC TTG 
CCC CCC GGA GCC GCG AGC ACC CAA GTG TGC ACC<3 ' 

This is identical to the sequence piiblished by Coussens et al 
(1985) Science 223,, 1132-1139, apart from a silent, natural CGC to 
15 CGT mutation that occurs in codon 8, but does not alter the amino 
acid at this position. 

2. The transmembrane region (codons 636-686): 

5'>GAC CTG GAT GAC AAG GGC TGC CCC GCC GAG CAG AGA GCC AGC CCT CTG 
20 ACG TCC ATC GTC TCT GCG GTG GTT GGC ATT CTC CTG GTC GTG GTC TTG GGG 
GTG GTC TTT GGG ATC CTC ATC AAG CGA CGG CAG CAG AAG ATC CGG AAG TAC 
ACG<3 ' 

This is identical to the sequence published by Coussens et al 
25 (1985) Science 220, 1132-1139, apart from a natural mutation in 
codon 655, which causes a conserved Val (GTC) to lie (ATC) 
substitution . 

In order to facilitate joining of the signal peptide of c-erbB2 to 
30 CPG2, a PCR fragment was generated which contained codons 1-27 of 
c-erbB2, with codons 28 and 29 mutated to convert them to a BamHl 
(GGATCC) restriction endonuclease site. This was achieved using 
primer #4478: 

5'>GCT TAC AAT TGC TTC TGA CAC<3 ' 

35 

in conjxmction with primer #4479: 

5'>CGC GGA TCC GGT GCA CAC TTG GGT GCT C<3' 
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The signal peptide containing fragment was released from the PGR 
fragment by digestion with BamHl and Ncol (a site occurs in c-erbB2 
which straddles the initiator ATG -i.e CC^ISG) . 

5 By a similar approach, codons 21 and 22 of CPG2 were converted into 
a BamHl site. At the same time, an EcoRl site was created at codon 
416 (the natural stop codon) of CPG2. This was done using the PGR 
primer #4476: 

5'>CGC GGA TCC GCC CTG GCC GAG AAG CGC<3 ' 

10 

in conjunction with primer #4477: 

5'>GGG GAA TTC GTT GCC GGC GCC GAG ATC<3' 

Similarly, codons 634 and 635 of c-erbB2 were converted to an EcoRl 
15 site and codons 687 and 688 to a Clal site. This was achieved 
using the primer #4480: 

5'>GGG GAA TTC GAC CTG GAT GAG AAG GGC<3 ' 

in conjunction with primer #4481: 
20 5'>CGG ATG GAT GGT GTA CTT CCG GAT CCT<3'. 

The transmembrane region of c-erbB2 (codons 636-686) was released 
as a PGR fragment digested with EcoRl and Clal. 

25 Finally, two oligonucleotide adaptors were used to generate a 9E10 
monoclonal antibody recognition site (see Evan et al (1985) Mol 
Cell Biol 5, 3610-3616.) to the 5' end of the c-erbB2 transmembrane 
region . This was achieved by using oligonucleotide #4513: 
5'>CGA TGA GCA GAA GGT GAT ATG GGA GGA GGA GGT GAA<3' 

30 

and oligonucleotide #4514: 

5'>GTA GTT CAG GTG CTG CTG GGA TAT GAG CTT CTG CTG AT<3' 

together with standard linker cloning techniques. The various 
35 fragments were joined to each other through the engineered 
restriction endonuclease sites to generate a chaemera that produces 
a protein with the structure: 
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c-erbB2 (amino acids 1-27): GlySer: CPG2 (amino acids 23-415): 
GluPhe: c-erbB2 (amino acids 636-686) : IleAsp: 9E10 epitope 
(GluGlnLysLeuIleSerGluGluAspLeu) : Asn*. 

The extra amino acids between each portion of the fusion are a 
Consequence of the engineered restriction enzyme sites. This 
fusion gene is referred to as ••CPG2 (surface) A variation of this 
gene was created in which a frame shift mutation was introduced 
between the c-erbB2 signal peptide and the CPG2 portion. This was 
achieved by digesting the chaemera with BamHl^ end repairing the 
overhangs and re-ligating the plasmid. This produces an out of 
frame mutation, which results in a gene that cannot express 
CPG2 (surface) and is referred to as "CPG2 (surfaceF/S) " . 
CPG2 (surface) and CP62 (stirfaceF/S) were cloned into the mammalian 
expression vector MLV)Splink, which uses a moloney murine leukaemia 
virus LTR to direct expression of genes in miirine cell lines 
(Dalton and Treisman, (1992), Cell 597-612). These plasmids 

are referred to as MLVCPG2 (surface) and MLVCPG2 (surfaceF/S) 
respectively . 

COMPARATTVE g3niMPT.B 1 

In order to assess the expression of CP62 (surface) in mammalian 
cells, one dish of NIH3T3 cells was transfected with 
MLVCPG2 (surface) and as a negative control, one dish of cells with 
MLV^plink. The transf ections were performed with the lipid 
transfection reagent lipofectAMINE (GibcoBRL) . For transfection, 
ixlO^ cells were plated into 35mm tissue culture dishes and 
incubated at 37'C overnight. The following day, lipofectAMINE :DNA 
complexes were prepared by combining O.A/xg of plasmid with 6^1 of 
lipofectAMINE reagent in a total of 32m1 of PBSA; the complexes 
were incubated at room temperature for 15 minutes. The cells were 
washed twice with 2ml of serum free DMEM medixim and placed in 0.8ml 
of serum free DMEM. The lipofectAMINE: DNA complexes were diluted 
into 0.2ml of serum free medium and added to the cells. The cells 
were inciibated with the lipofectAMINE: DNA complexes for 6 hours 
at 37*C, washed twice with 2ml of DMEM medium containing 10% foetal 
calf serum (FCS) and placed into 2.5ml 10%FCS/DMEM. After a 
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further incubation period of 42 hours, the cells were washed twice 
with 5ml PBSA and extracted on the tissue culture dishes into 50^1 
of buffer A (250vM Tris.HCl, 10%v/v glycerol, l%v/v Triton X-100, 
pH7.5) . The extract was transferred into 1.5ml tubes, centrifuged 
5 at 13,000 rpm in a micro-fuge. The supernatants were collected and 
the protein concentration was determined with the Bio-Rad protein 
assay kit, with BSA as a standard. 

For protein-immvmoblot analysis, IOmI of each extract was combined 
with 10^1 of SDS sample buffer and the proteins were separated on 
a 10 % SDS-polyacrylamide gel (Laemmli U.K. (1970) Nature i2Z? 680- 
685) . The proteins in the gel were transferred to nitrocellulose 
by electroelution and the cell extracts analysed by protein immuno- 
blotting (Gershoni J.M. and Palade G.E. (1983) Anal . Biochemistry 
lSi;l-l5), using a CPG2 specific rabbit polyclonal antibody which 
was raised to CPG2 expressed in Sf9 insect cells. The antibody was 
used at a dilution of 1:1000 and the immunocomplexes detected using 
the ECL immunoblotting kit, according to the manufacturers 
instructions (Amersham) . 

These results show that in the extracts from the cells transfected 
with PMLVCPG2 (surface) there is a protein recognised by the 
antibody that runs as a smear with a Mr of -50,000-60,000 (Figure 
1, lane 2). This protein is not present in cells transfected with 
MLV/5plink (lane 1) and therefore demonstrates that CPG2 (surf ace) 
is expressed at high levels in these cells. 

The extracts were tested for CPG2 enzyme activity by measuring 
their ability to cleave the CMDA prodrug into drug (Springer et al 
30 Eur J cancer (1991) 22; 1361-1366) , which can be detected by 
measuring light absorbance at 305nm. For the assay, Bug of NIH3T3 
protein extracted in buffer A was incubated in 1ml of assay buffer 
(20mM Tris.HCl, ImM MgCl2, eOfM ZnC12, pH 7.4) containing SOfM CMDA 
prodrug, at 37 'C for 15 min. After incubation, EDTA was added to 
35 a final concentration of lOmM and the resulting change in 
absorbance at 305nm was compared to that of the starting solution. 
A reduction in absorbance indicates conversion of the prodrug into 
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drug and therefore by inference demonstrates the presence of CPG2. 
Under these conditions, no CPG2 activity could be detected in 
extracts from cells transfected with either MLV^plink or 
MLVCPG2 (surface) indicating that the expressed protein was 
inactive . 

COMPARATIVE EXMtPLE 2 

Since CPG2 (surf ace) is likely to be processed through the Golgi 
apparatus and endoplasmic reticulum to reach the surface of the 
cells (the route taken by c-erbB2) it was considered that it could 
potentially be glycosylated and that this may account for "the lack 
of enzyme activity. N-linked glycosylation occurs in the golgi 
apparatus and endoplasmic reticulum at a motif whose primary amino 
15 acid sequence is Asn-Xaa-Ser/Thr (where Xaa is any amino acid) ; the 
glycosylation occurs on the Asn residue. Within the primary amino 
acid sequence of CPG2, there are three such consensus motifs, 
located at residues A8n222, Asn 264 and Asn 272. To establish 
whether CPG2 (surf ace) was glycosylated, two sets of transfected 
20 cells were set up. Each set contained a dish of cells transfected 
with MLVCPG2 (surface) , and a dish transfected with 
MLVCPG2(surface/FS) as a negative control. Following the 
transfection, set l was incubated in 10% FCS/ OMEH for 42 hours. 
Set 2 was also incubated in 10%FCS/ DMEM for 42 hours, but 
25 tunicamycin (O.lmg/ml final concentration), was included in the 
medium for the last 24 hours of the incubation. Tunicamycin is a 
nucleoside antibiotic that inhibits N-linked glycosylation. The 
cells were harvested into buffer A and subjected to protein 
immunoblot analysis and to CPG2 enzyme activity assay as described 
30 above. 



The immunoblot data show that when CPG2 (surface) is produced in 
mammalian cells that are incubated in the presence of timicamycin, 
its mobility in SDS-polyacrylamide gels increases compared to cells 
inciibated in the absence of tunicamycin (Figure 2, compare lanes 
2 and 4). Furthermore, the protein undergoes a 'laddering', 
suggestive of a block occuring in glycosylation. Some of the 
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protein does appear to escape the block, but it is likely that this 
represents proteins that were synthesised before the tunicamycin 
was applied. The control lanes show that CPG2 (surf ace) is not 
produced in cells transfected with MLVCPG2 (surf aceF/S) (Figure 2, 
5 lanes 1,3). 

These protein extracts were analysed for CPG2 enzyme activity as 
described above. Extracts from cells transfected with 

MLVCPG2 (surface/FS) did not contain any significant enzymatic 
10 activity in cells that were treated or untreated with tunicamycin 
(Figure 2B, samples 1,3). Extracts from cells transfected with 
MLVCPG2( surface) and not treated with tunicamycin also did not 
contain any CPG2 activity (Figure 2B, sample 2) . However extract 
from cells transfected with MLVCPG2 (surface) and treated with 
15 txinicamycin contained high level of CPG2 activity that could be 
detected in this assay (Figure 2B, sample 4). 

These data show that CPG2 (surface) expressed in NIH3T3 cells is 
glycosylated and that this glycosylation inhibits its enzymatic 
20 activity. However, when glycosylation is blocked, then the enzyme 
is active. 

In order to prevent glycosylation of CPG2 (surf ace) , a series of 
25 mutant genes were constructed containing specific codon 
substitutions that were designed to disrupt the glycosylation 
motifs. In the first series, individual mutations were created 
that converted amino acids Asn222, Asn264 or Asn272 to leucine 
residues. These were generated by PGR, using the primers set out 
30 below. 

1) For Asn222. Primer #538: 

5'>CCG GCA TGC GAG GCC TTG CCG GTG ATG AGG ACC TGC AC<3' 

35 This was used in conjunction with primer #4732: 
5'>CGA AGG CCC CGT TCC GCG<3 ' 
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2) For Asn264. Primer #539: 
5'>CTG CGC TTC CTC TGG ACC ATC<3' 

Primer #540: 

5'>GAT GGT CCA GAG GAA GCG CAG<3 ' 

These were used in conjunction with primer #4733: 
5'>TGC AGG TCA ACA TCA CCG<3 ' 



10 and primer #557: 

5'>TTC TTG CCG CCT TCG CCG GC<3 ' 



3) For Asn272. Primer #541: 
5'>AAG GCC GGC CTC GTC TCG AACO' 

Primer #542: 

5'>GTT CGA GAC GAG GCC GGC CTT<3' 



20 These were used in conjunction with primers #4733 and 557. 

For Asn222, a PCR fragment was produced containing the mutated 
residue on a Smal/ Sphl fragment which was used to replace the wild 
type sequences. For residues Asn264 and Asn 272, the relevent PCR 

25 fragments were generated as Sphl/ Notl fragments and these was used 
to replace the wild type sequences in the CPG2 gene. All three 
mutants were cloned into the context of MLVCPG2 (surface) and are 
referred to as MI.VCPG2 (surface) LNN for the mutant Asn222Leu; 
MLVCPG2( surface )NLN for the mutant Asn264Leu and 

30 MLVCPG2( surface) NNL for the mutant Asn272Leu. 

In order to test if the potential sites were glycosylated, two sets 
of NIH3T3 cells were prepared. Each set contained one dish of 
cells transfected with MLVCPG2 (surface) , one dish of cells 
35 transfected with MLVCPG2 (surface) LNN, one dish of cells transfected 
with MLVCPG2( surface )NUJ, and one dish of cells transfected with 
MLVCPG2( surface) NNL. Set l were incubated in the absence of 
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tunicamycin and Set 2 in the presence of tunicamycin as described 
above « Cell extracts were prepared in buffer A and protein 
immunoblot analysis and CPG2 enzymatic activity assays performed, 

5 The immunoblot data shows that each of the individual mutations 
results in an increase in mobility of CPG2 (surface) in SDS- 
polyacrylamide gels (Figure 3A, lanes 1-4). In the presence of 
tunicamycin, the mobility of the mutant non-glycosylated proteins 
is identical to that of CPG2 (surface) (Figure 3A, lanes 5-8). 
10 These data indicate that the increased mobility seen in the absence 
of tunicamycin is not due to the effect of the mutations on the 
mobility of CPG2 (surf ace) in SDS-polyacryl amide gels and indicate 
that each of the three potential sites is glycosylated in NIH3T3 
cells. 

15 

The extracts were subjected to CPG2 enzyme activity assay as 
described above. All three mutant proteins were found to be 
inactive when produced in NIH3T3 cells not treated with tunicamycin 
as is seen with the unmutated protein (Figure 3B, samples 1-4). 
20 However, when produced in tunicamycin treated HIH3T3 cells, 
CPG2 (surface) , CPG2 (surface) LNN and CPG2 (surf ace)NNL were all found 
to be active, whereas CPG2 (surface )NIJ^ was found to be inactive 
(Figure 3B, samples 5-8) . 

25 Taken together, these data indicate that each of the identified 
potential glycosylation motifs is glycosylated in NIH3T3 cells and 
that mutations that disrupt the motifs prevent glycosylation. 
Individual mutation of residues Asn222 and Asn272 has no effect on 
enzyme activity, but mutation of Asn264 blocks enzymatic activity. 

30 

A variation of the mutation at the glycosylation motif at Asn 264 
was therefore produced. It is possible to block glycosylation by 
mutation of the Ser/Thr at the third position in the motif. 
Therefore, Thr266 was mutated to a Leucine using primer #766: 
35 5'>TCC AAC TGG GTC ATC GCC AAG<3' 

and primer #767: 
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5'>CTT GGC GAT GAC CCA GTT GAA<3' 

in conjunction with primers #4733 and #577 and following the sane 
strategy as for mutations at residues 264 and 272, Mutation 
Thr266Leu was cloned into the context of mutations A8n222Leu and 
Asn272Leu to produce a triple mutated gene referred to as 
CPG2 (surface) LNLL. This was cloned into MLV^plink and is referred 
to as MLVCPG2 (surface )I1TLL. 

To test if this protein is glycosylated and if it was active, two 
sets of NIH3T3 cells were prepared, each of which contained one 
dish of cells transfected with MLVCPG2 (surf ace) and one dish of 
cells transfected with MLVCPG 2 (surface) LNLL. Set 1 was incubated 
in the absence of tunicamycin and set 2 in the presence of 
tunicamycin as described. Cell extracts were prepared in buffer 
A and subjected to protein immunoblot analysis and enzyme activity 
assay. The immunoblot analysis shows that CP62 (surface) IULL 
migrates as a tight band on SDS-polyacrylamide gels with an 
apparent Mr of -47,000? this is considerably smaller than that of 
CPG2 (surface) (Figure 4A, lanes 1,2). When CPG2 (surface) UfLL is 
produced in cells incubated with tunicamycin, there is no change 
in its apparent molecular mass (lanes 2,4). Furthermore, 
CPG2 (surface) lULL co-migrates with the fastest migrating (and 
therefore presumably non-glycosylated) form of CPG2( surface) 
produced in NIH3T3 cells treated with tunicamycin (Figure 4B, lanes 
2,3) . 

The enzymatic activity of these extracts was examined. Unlike the 
CPG2( surface) , CPG2 (surface) LNLL was found to be active in extracts 
taken from cells that had not been treated with tuniczunycin (Figure 
4B, samples 1,2). CPG2 from cells that had been treated with 
tunicamycin did not affect this activity, in contrast to 
CPG2( surface) from tunicamycin treated cells (compare samples 1,3 
with 2,4) . 

These data indicate that mutations of all three glycosylation 
motifs in CPG2 (surface) inhibit completely its glycosylation in 
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NIH3T3 cells. Mutation Asn222Leu blocked glycosylation of that 
residue and was permissive for enzyme activity. Mutation Asn264Leu 
blocked glycosylation of that residue but also inhibited enzyme 
activity. Mutation Thr266Iieu blocked glycosylation on residue 
5 Asn264, and was permissive for activity. Mutation Asn272Iieu 
blocked glycosylation at that residue and was permissive for 
activity. The triple mutant Asn222Leu, Thr266Leu, Asn272Leu was 
not glycosylated and was active. 

10 EXAMPLB 2 

The ability of CPG2 (surface) to kill NIH3T3 cells in thej)resence 
of the CMDA pro-drug was examined. Three sets of NIH3T3 cells 
were prepared, each of which contained one dish of cells 
transfected with MLVPplink, one dish of cells transfected with 

15 MLVCPG2 (surface) or one dish of cells transfected with 
MLVCPG2 (surface) LNUi. The cells were incubated for 42 hours 
following the transfection and then set 1 was incubated in the 
presence of prodrug vehicle (5mM Hepes, 0.5%v/v DMSO, pH7.0; final 
concentrations) for 24 hours. Set 2 was incubated in the presence 

20 of the CMDA prodrug (0.5mM final concentration) for 3 hours. Set 
3 was incubated in CMDA (O.SmM) for 24 hours. Following prodrug 
treatment, the cells were washed three times with 5ml 10%rcs/ DMEM 
and sets 1 and 3 incubted in fresh medium for a further 24 hours, 
set 2 for 45 hours. The cells were then passaged into fresh 

25 culture dishes, seeded at 1x10^ cells/ 35mm dish in 2ml FCS/ DMEM. 
After a further 72 hour incubation cell growth was assessed by 
[ 3H ] "thymidine incorporation . 

For thymidine incorporaion, l^Ci of [methyl-^H] thymidine was added 
30 to each well (2ml meditim) and incubated for 5 hours at 37 'C. The 
cells were washed twice with PBSA (4*C) and fixed with 5%w/v 
trichloroacetic acid (TCA) in water at 4'C for 20 minutes. The TCA 
was removed and the cells washed twice with 2ml methanol and air 
dried. The DNA was extracted with 1ml O.IM NaOH, 1%SDS at room 
35 temperature for 5 minutes, added to 4 ml scintilation fluid and the 
incorporated thymidine determined by scintillation counting. 
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Cells that had been transfected with either MLVCPG2 (surf ace) or 
MLVCPG2 (surface) LNLL grew at the same rate as cells transfected 
with MLV^plink, indicating that expression of CPG2 (surface) or 
CPG2 (surface) U^LL on the surface of mammalian cells does not affect 
cell growth rates (Figure 5, samples 1-3). Prodrug treatment of 
the control cells had minimal effect on their growth rate (Figure 
5, samples 1, 4, 7). By contrast, prodrug treatment of the cells 
expressing CPG2 (surface) and CPG2 (surface) LNLL had a marked effect 
on their growth. Cells expressing CPG2 (surface) were unaffected 
by a 3 hour prodrug treatment, but there was an -87% inhibition of 
cell growth following a 24 hour prodrug treatment (Figure 5, 
samples 2, 5, 8). Cells expressing CPG2 (surface )IJILL were even 
more sensitive to prodrug treatment, showing a -20* reduction in 
cell growth following a 3 hour prodrug treatment and complete cell 
death following a 24 hour prodrug treatment. 

These data show that when HIH3T3 cells expressing CPG2 (surface) are 
treated with the CMDA prodrug, cells growth can be prevented. 
Blocking glycosylation of CPG2 (surf ace) increased the enzyme 
activity and resulted in greatly increased cell kill potential of 
the enzyme-prodrug system. 



It Constructien a t the veeliy r 

An expression cassette was constructed by fusing the 1.2kb 
Hindlll/EcoRl fragment from the plasmid pEF-Bos (Mizishuma and 
Nasgata (1990) NAR 18, 5322), which contains the EFla promoter, 
first exon, first intron and a portion of the second exon to the 
^-globin gene at position -4 relative to the start of transcription 
of the ^-globin gene. The Nco-l/Hindlll fragment from the plasmid 
MLV^-Plink, containing the polylinker and the ^-globin 3' 
untranslated region was fused to the Nco-l site of the ^-globin 
gene, which is located across the p-globin start of translation 
(position +50, relative to the start of transcription) , to provide 
a polylinker and 3' untranslated region for proper mRNA processing. 
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This entire cassette was to be cloned into the vector pMClNeo PolyA 
(Stratagene) . pHClNeo PolyA was first modified to destroy the Ncol 
site located in the Neo" gene and to remove the BamHi, Hindi and 
Sail sites located at the 3' end of the Neo" gene. The EFla 
5 expression cassette was cloned as an Hindlll fragment (end 
repaired) into the Xhol (end repaired) site in the modified pHClNeo 
PolyA plasmid. A vector with the EFlo promoter and the TK promoter 
(which drives expression of the Neo" gene) facing in opposite 
directions was chosen for the expression of CPG2 (surface) LNLL; the 

10 vector is referred to as pMCEF-Plink. CPG2 (surface) LNLL was cloned 
from PMLVCPG2 (surface) as an Ncol/Xbal fragment into the Ncol/Xbal 
sites of pMCEF-Plink; this plasmid is referred to as 
pHCEFCPG2 (surface) IHLL. As a control plasmid, the lacZ gene was 
also cloned into the Ncol/Xbal sites pMCEF-Plink as a Ncol/Xba 

15 fragment from the plasmid MLVBlacZ; this is referred to as 
pMCEFlacZ . 



20 



2. Preparation ot s table cell lines 

Stable cell lines were prepared with NIH3T3 cells to constitutively 
express CP62 (surf ace) UTLL, or as a control the lacZ gene product 
(^-galactosidase) . In order to do this, NIH3T3 cells were 
transfected with pMCEF-CPG2 (surface) IJILL or pMCEFlacZ as described 
in Comparative Example 1 above, and two days after trans feet ion, 
25 the cells were plated at low density into medium containing G418 
at Img/ml. Colonies coming from single cells could be observed 
about two weeks later and these were cloned and gro%m up 
individually. The expression of CPG2 (surface) was determined by 
immunoprotein blotting of 30ml of cell extract (extracted as 
30 described in the Comparative Exeuaple above) from each of the G418 
resistant colonies with the antiserum from the Comparative Example 
1 above. The cell line #16 which expresses high levels of 
CPG2 (surface) LNLL (Figure 6A) and cell line #3, which expresses the 
^-galactosidase (see below) were selected for further 
35 investigation. The expression of CPG2 (surface) LNLL and 0- 
galactosidase were verified in the cell lines, by enzymatic assay. 
For these assays, Ixio' cells for lines #3 and #16 were plated into 
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35nan tissue culture dishes and incubated for 4 days. Cell extracts 
were prepared (see above) and s^g of protein was subjected to a 
CMDA degradation assay and a ^-galactosidase assay (the CMDA assay 
is described in the Comparative Example above) . For the assay of 
^-galactosidase activity in cells, s^g of extracted protein was 
added to 600 Ml of assay buffer (40inM Na^PO^, 26.7inM NaHjPO^, 
6.7111MKCI, ImMMgSG^, 25mM 2-mercaptoethanol , 50mM Tris.HCL, 0.06%v/v 
Triton X-lOO, 2.2inM o-nitrophenyl /9-D-galactopyranoside) and 
incubated at 37 'C for 60 min. 250/*! of iMNa^CO, was added to the 
sample and the OD^^ was measured. The results in Figures 6B and 6C 
show that extracts from line #3 (stippled bars) contain high levels 
of ^-galactosidase activity but no CPG2 activity. The extract from 
line #16 does not contain any detectable ^-galactosidase activity, 
but does contain detectable levels of CPG2 activity. 

EXAMPI.B 3 

Cell lines #3 and #16 obtained in Preparative Example 2 were tested 
for cytotoxicity with the CMDA pro-drug. ixlO* cells were plated 
into each well of 24 well dishes, incubated for 40 hours and then 
treated with increasing concentrations of CMDA at 37 'C for 60 
minutes. After a further 6 hour incubation, 10% of the cells were 
re-plated into 24 well dishes, incubated for a further 5 days and 
cell survival was determined by [^H] -thymidine incorporation. The 
results in Figure 7 show that cell line #3 (filled symbols) is not 
sensitive to even the highest concentration of CMDA tested, whereas 
#16 (open symbols) is sensitive in a dose dependent manner, showing 
an IC50 of - 125mm. 



30 



35 



EXAMPLE 4 



The bystander effect was determined by mixing cell lines #3 and #16 
Obtained in Preparative Example 2 at a variety of concentrations 
as indicated and a total of i x lo' cells were plated per well in 
24 well plates. The cells were incubated and treated as described 
in Example 3, except that they were treated with either 250mM or 
lOOOMM CMDA for 60 minutes as indicated. The cell survival was 
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determined as in Example 3. These results in Figure 8 show that 
with these conditions, there is a marginal bystander effect, since 
with only 40% of the cells expressing CPG2 (surf ace) LNLL, greater 
than 80% of the cells were killed in the presence of the pro-drug* 

5 

PRgpmTIVB EXAMPLE 3 

In this Exeunple other mutations of the glycosylation sites that 
would allow increased activity of CPG2 (surf ace) were prepared. To 
10 this end, the viability of making a conserved asparigine to 
glutamine mutations at codons 222, 264 and 272, the sites ^hown to 
be glucosylated, was tested « This was achieved by PGR directed 
mutagenesis, using the PGR primers: 

15 For codon 222: 

#1171: 5'>GTG GAG GTC CAA ATC ACC GGC<3 ' and 
#1172: 5'>GCC GGT GAT TTG GAC CTG CAC<3 ' • 

20 For codon 264: 

#926: >5' CTG CGC TTC CAA TGG ACC ATC<3 ' and 
#927: >5' GAT GGT CCA TTG GAA GCG CAG<3'* 

25 For codon 272: 

#1173: 5'>AAG GCC GGC CAA GTC TCG AAC<3' and 
#1174: 5'>GTT CGA GAC TTG GCC GGC CTTTO ' . 

This was done using the experimental protocol described in Example 
30 1. 

The CPG2 (surface) containing the codon N222/264/272Q mutations is 
referred to as CPG2 (surface )QQQ and was cloned into MLV^Plink as 
an Ncol/Xba fragment; this plasmid is called pMLVCPG2 (surface )QQQ. 
35 In order to test the enzymatic activity of CPG2 (surface }QQQ, NIH3T3 
cells were transfected with pMLVCPG2 (surf ace) or 
pMLVCPG2 (surface )QQQ and cell extracts were prepared; these 
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extracts were examined by immunoprotein blotting and for CPG2 
enzymatic activity as described in the Comparative Example. The 
immunoprotein blots show that the CPG2 (surface) QQQ protein (Fig 9A, 
lane 2) unlike the CPG2 (surface) protein (Fig 9A, lane 1) migrates 
with a mobility consistent with the protein being not glycosylated. 
From the activity assay data, it can be seen that for similar 
amounts of activity, the CPG2 (surface) QQQ protein (solid bar. Fig 
9B) contains - 50 fold higher levels of CPG2 cleaving activity than 
the CPG2 (surface) protein (open bar. Fig 9B) • 



Preparation of MDA261B stable cell lines 
Since CPG2 (surface) QQQ is more active than CPG2 (surface) MDA261B 
cell lines were prepared that const itutively express either 
CPG2 (surface) QQQ, or as a control, /J-galactosidase. 

15 CPG2( surface) QQQ was cloned into pMCEF-Plink as an Ncol/Xba 
fragment; this plasmid is called pMCEFCPG2 (surface) QQQ. MDA361B 
cells were transfected with either pMCEFCPG2 (surface) QQQ, or with 
pMCEFlacZ according to the protocol described in the Comparative 
Example and were treated as for the NIH3T3 cells to generate G418 

20 colonies. The G418 resistant colonies were tested for 
CPG2 (surface) QQQ expression by immunoprotein blot analysis, as 
described for the H1H3T3 cells. From these analyses, two cell 
lines, M2 which expresses p-galactosidase and M38, which expresses 
CPG2 (surface) QQQ were selected for further testing. Immunoprotein 

25 analysis verifies that M38 expresses CPG2 (surface) QQQ (Fig lOA, 
lane 2), whereas M2 does not (Fig lOA, lane 1). The expression of 
^-galactosidase by line M2 was confirmed by enzymatic assay (Fig 
lOB, lane 1 contains M2 extract, lane 2 a control extract) . 

30 

EatAMPLE 5 

These cell lines were tested for sensitivity to the CMDA prodrug 
and prodrug 2. 1x10^ cells were plated into each well of a 24 
well plate. The cells were incubated for 48 hours at 37 'C. They 
35 were then inciibated in increasing concentrations of either CMDA or 
prodrug 2 for 60 minutes at 37 'C, washed twice, returned to medium 
and incubated for a further 5 days. The viability of the cells was 
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then determined by using [^H] -thymidine incorporation. The results 
show that the cell line expressing CPG2 (surface) QQQ (line M38, Fig 
llA and IIB, open symbols) was more sensitive to both prodrugs than 
the line expressing ^-galactosidase (line M2, Fig llA and IIB, 
5 closed symbols) « 

For prodrug CHDA, it was not possible to judge how much more 
sensitive M38 was than M2 as M2 did not show any sensitivity to the 
prodrug, even at the highest concentration tested. However, with 
10 prodrug 2, the differential was substantial, the M38 cells being 
of the order of 200 fold more sensitive to the prodrug than the M2 
cells. 

Prodrug 2 was also assayed f Fia 12 ^ in the MDA MB361 transfected 

15 cells obtained in Preparative Example 3 using a sulphorhodamine B 
cytotoxicity assay which was conducted by plating 5000 cells per 
well in a 96-well microtitre dish. The cells were plated in 160^1 
of DHEM medium. After incxibation over night the drug or 
appropriate controls made up in DMEH containing 5% serum was added 

20 to the wells in a AO/xl volume. The cells were incubated for 4 days 
under standard conditions. Following this the medium was removed 
and the cells treated with ice-cold 10% TCA (trichloroacetic acid) 
on ice for about 30 minutes. The TCA was removed and the cells 
rinsed for adding 18^1 of 0.4% sulphorhodamine B (SRB) Vhich was 

25 left to stain the cells for 10 minutes. Following staining the 
cells were rinsed in TCA and air dried before addition of 18^1 of 
lOmM TRIS and cell viability was then read* Cisplatin (CDDP) was 
used as a control to ensure that each line was ecpially susceptible 
(i.e. to check that the CPG2 expressing line had not been rendered 

30 more sensitive to cell-killing agents) . There was not foiind to be 
any difference between the susceptibility to CDDP for the CPG2 - 
expressing line compared to the control I2C-Z line, (see Fig 12) 

EXAMPLE 7 

35 

In order to examine the bystander effect with the MDA MB 361 cells 
constitutively expressing CPG2 (surface) QQQ, the M38 cell line, the 
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M2 cell line, or a 1:10 mixture of M38:M2 cells were plated (ixlO* 
cells) into the wells of a 24 well plate, and incubated for 48 
hours. The cells were then treated with varying concentrations of 
prodrug 2 for 60 min, washed twice with fresh medium and incubated 
in fresh medium for 5 days. The survival of the cells was then 
determined by [*H-methyl] thymidine incorporation. The results 
show the M38 cell line (IC50-1mM) is -200 fold more sensitive to 
the prodrug than the M2 cell line (IC50-200mM) . However, when 
these two cell lines are mixed at a ratio of 1:10, the IC50 was 
reduced -lo fold (-20/iM) , despite the fact that only 10% of the 
cells were expressing CPG2 (surface) QQQ and demonstrating a 
substantial bystander effect. " 
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SEQUENCE INFORMATION 

SEQ ID NO. 1: Genomic DNA and protein sequence of CPG2 

ATCATOGATC CAOGCACIGA AGGOGOGOOG OMSPJJSCCC GGOiTOGOGA CGClCTGCaT 60 

OQGCQQQGCSC GAAOGGAOOC; GRGTOGCacr OGAATPGCEA IMGMCCKr QGCIGGGGAC 120 

GOOOGACAAC N3QOSTOCAC CAGClTiTlT GftTTOOGACA AOCaOGAAOGA AGAMGCGTIA 180 

GAGCAQGAGA TTOC AIG OOC CCh TOC AIC CAC OOC ACA GOC ATC GOC GCC 230 
Ifet Arg Pro Ser He His Arg Thr Ala lie Ala Ala 
15 10 

GIG CIG GCC AOC GOC TIC GIG GOG QGC AOC GOC GIG GOC CAG AAG OOC 278 
Val Lai Ala Ihr Ala Hie Val Ala Gly Thr Ala Leu Ala Gin lys Arg 
15 20 25 

GAC AAC GIG CDG TPC CAG OCA GCT AOC GAC GAG CAG OCG GOC CTG ATC 326 
Asp Asn Val Leu Fhe Gin Ala Ala Thr Asp Glu Gin Pro Ala Val He 
30 35 40 

AAG AOG Cro GAG AAG CTG GTC AAC ATC GAG ADC GGC ADC GGT GAC GDC 374 
Lys Ihr Lbu Glu lys Leu Val Asn lie Glu Ihr Gly Ihr Gly Asp Ala 
45 50 55 60 

GAG GGC ATC GOC GCT GOG GOC AAC TTC CTC GAG GOC GAG CPC AAG AAC 422 
Glu Gly lie Ala Ala Ala Gly Asn Ite Leai Glu Ala Glu Lbu lys Asn 
65 70 75 

CIC GGC TTC ADS GTC ADG OGA AGO AAG TOG GOC QGC CTG GIG GIG GGC 470 
Lai Gly Fhe Thr Val Uur Arg Ser lys Ser Ala Gly Leu Val Val Gly 
80 85 90 

GAC AAC ATC GTG GGC AAG ATC AAG GGC QGC GGC QGC AAG AAC CTG CTG 518 
A^ Asn He Val Gly lys He lys Gly Arg Gly Gly lys Asn Lai l£AX 
95 100 105 

Cro AIG TOG CAC AIG GAC ADC GTC TAC CTC AAG QGC ATT dC GOG AAG 566 
Lai Met Ser His Met Asp Thr Val TV^ ^Jssa lys Gly He Lai Ala lys 
UO 115 120 

GOC COG TTC OOC GTC GAA QGC GAC AAG GOC TAC QGC COG QGC ATC GOC 614 
Ala Pro Ite Arg Val Glu Gly Asp lys Ala Tyr Gly Pro Gly He Ala 
125 130 135 140 

GAC GAC AAG GGC GGC AAC GOG GTC ATC CPS CAC ADG CTC AAG CIG CIG 662 
AsD AsD Ivs Gly Gly Asn Ala Val He Lai His Thr Leu lys Lai Lai 
145 150 155 

AAG GAA TAC QGC GTG OOC GAC TAC GGC ADC ATC ADC GIG CDS TTC AAC 710 
lys Glu IVr Gly Val Arg Asp lyr Gly Ihr He Ihr Val Lai Hie Asn 
160 165 170 
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^f^?^^^^*^^™QGCT0GOKGACCIGArccaGGAA 758 
Thr Asp Glu Glu lys Gly Ser Phe Gly Ser Arg Asp Leu lie Gin Glu 
175 180 185 

5f^?f^?^f^°°^*^^°^^'I«:TICGAGC0CAOCACCGCA 

Glu Ala lys lau Ala A^ lyr val Leu Ser E»ie Glu Pro mr Ser Ala 
150 195 200 

?f^?^^^^^^^°°CA°CTa3QQCATCGCX:TACGrocaG 854 
Gly Asp Glu lys l« Ser Leu Gly !ihr Ser Gly lie Ala lyr Val Gin 

210 215 220 

Cnc AAC ATC AOC QQC AAG GCC TOG CATGOCGGCGCEGOGCXEGfiGCTC 
val Asn lie ihr Gly lys Ala Ser His Ala Gly Ala Ala Pro Glu Leu 
225 230 235 

^^^^??^^*^^^'^GACCICGKClX:OGCI^^ 950 
Gly val Asn Ala Leu val Glu Ala Ser Asp Leu Val Leu Arg Uir Met 
240 245 250 

AACATCGACGACAftGGCXSAftGAACCrooSClTCAACTQGAffi 

AsnlleA^A^lyBAlalyBAsnLeuArgRjeAsnTtpUirlleAla 
255 260 265 



902 



998 



1094 



1190 



AflGGOCGGCAACGICTOGAACATCATCCXCGOCAGCGaCAaSCIGAAC 1046 
lys Ala Gly Asn Val Ser Asn He He Pro Ala sS aS ^ S A^ 
270 275 280 

5?^?^,??'^^°°^°^*^®GGaCTrcGACG0CGaCATCAAS 
AlaA^ValArgtyrAlaArgAsnGluA^FheAspAlaAlalfetlyB 

290 295 300 

J?P^S^®*^*^°°°°^°"SA^AAGCTCOCrGftGGCrGACGlG 1142 

Uir leu Glu Glu Arg Ala Gin Glnlys lys Lau Pro Glu Ala Asp v5 
305 310 315 

^S^iT^?^^i^°°^*^°=^<=5GaCTTCAftTGaCGQCGAAGaC 
lys Val He Val ihr Arg Gly Arg Pro Ala Hie Asn Ala Gly Glu Gly 
320 325 330 ' 

GTCAAGAMCTGCPCGft^ 

Gly lys lys IBU Val Asp lys Ala Val Ala Tyr Tyrlys du Ala Gly 
335 340 345 

Sf^^f^5^°°^^°*^®^°°CA°CQQCG0CQaCAOCGACGCGGaC 1286 
Gly Uir I«i Gly Val Glu Glu Atg Hit Gly Gly Gly Uir Asp Ala Ala 
350 355 ^ 

S^?f^??^^'^°°^**^°°^<^M^®GAGCCTCGQCC^ 1334 

Tyr Ala Ala leu ser dy lys Pro Val He Glu Ser Leu Gly Leu Pro 
365 370 375 330 

GGCTOGGCTACCACAGCGitf:AMGaGAG!iaCGIGGftCATCAG^ 1382 

Gly R» Gly Tyr Hrs Ser Asp lys Ala Glu Tyr Val A^ He Ser Ala 
385 390 395 



BNSDOCID: <:WO 960351 5A2J_> 



wo 96/03515 




PCT/GB95/01782 



- 53 - 

ATT OC3G OGC C3GC CTG TAC ATO OCT GOG CCC CTG ATC MX3 GAT CTG GGC 1430 
lie Pro Arg Arg Deu Tyr Met Ala Ala Arg Leu He Met A^ Lai Gly 
400 405 410 

GOC GGC AAG T GAAIGCIGC3C OCXXDGCTTT TCACTaGCCT TQCrOGnCTA 1480 
Ala Gly lys 
415 

ACira^OOOC aaSAQOaOGA GGOSOGgroC GOCTTOGGGC GGCXXXaGOOG OGAOOSOCrC 1540 

GTCACATAGA AGGAACIGOC ATGITGmGA CAGCAGACTA GGAAGCXSOC QSGGAGGOGG 1600 

TCOSOGACIT CrOGCAAGOC GAACTCIGGC OGAAOGOOGC GAATOQQGAC CXXXSAGGACA 1660 

GC mUJLA A GAGOCTAOCA GQCXCTOQGC TOGOCTrAOSC AGTCTOaGIG OCX3GAGGAGC 1720 

ATOGaSQOGC aSGCCTOGAC TAOCTCAOCT OGOGCTOGIG CPQGAGGAGA HOSCGGCCCG 1780 

OGAaQGaaOC AOCAGCAOCE CrATOySCCT GAOCAACIGC OXXTICMOS CCAIOCTCAT 1840 

GQGCEAOSGC AACGQGCAGC AGAAGAAGGA GTGGCTOGAG CX3GCIX3QOGC AGGGCXISGAT 1900 

GCTOSGaSOC TTCIGOCPGA OOGAGOOQCA GGCHSQCaGC GAIGCATOGA QOCIQOGCAC 1960 

CACXSGOGOGC AAGGAOGGOG AOGGCEAOTr GATOGAOGGC GIGAAGCAGT rTCATCAOCAG 2020 

CX3GCAAGAAC GGOCAGGIGG OGGGATOC 2048 
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CLAIM? 

A two component system for use in association with one 
another comprising: 

(a) a vector capable of expressing an enzyme at the surface 
of a cell; and 

(b) a prodrug which can be converted into an active drug by 
said enzyme. 

A system according to claim 1 wherein the enzyme is a 
bacterial carboxypeptidase . 

A system according to claim 2 wherein the carboxypeptidase 
is carboxypeptidase CPG2. 

A system according to claim 3 wherein the CPG2 has been 
altered at one or more glycosylation sites to prevent 
glycosylation at said site or sites. 

A system according to any one of claims 2 to 5 wherein the 
prodirug is a nitrogen mustard prodrug . 

A system according to any one of claims l to 5 wherein the 
vector comprises a signal peptide of a transmembrane 
receptor kinases. 

A system according to any one of claims l to 6 wherein the 
vector comprises a promoter capable of being expressed in a 
tissue restricted manner. 

A system according to claim 7 wherein the promoter is a c- 
erbB2 promoter. 

A system according to any one of claims 1 to 8 for use in a 
method of treatment or therapy of the human or animal body. 
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10. A method of treating a tumour in a patient in need of 
treatment which comprises administering to said patient an 
effective amount of a vector encoding an enzyme capable of 
being expressed on the surface of a cell and a prodrug 
capable of being converted by said enzyme to an active 
drug. 

11. A carboxypeptidase which comprises a substitution, deletion 
or insertion at one or more glycosylation sites so as to 
prevent glycosylation at said site while retaining 
carboxypeptidase activity. 



12 



A carboxypeptidase according to claim 11 which is CPG2. 



13. A carboxypeptidase according to claim 12 wherein residues 
222 and 272 have been altered to glutamine and residue 266 
has been altered to leucine. 

14. A vector comprising a nucleic acid encoding the 
carboxypeptidase of any one of claims 11 to 13. 
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Fig.1. 



Fig.2A. 
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Fig. 13. 
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